A Gram-stain-negative, aerobic, non-motile, rod-shaped and pale yellow-pigmented bacterium, designated strain TX0661 T , was isolated from an automotive air conditioning system collected in the Republic of Korea. 16S rRNA gene sequence analysis showed that the strain TX0661 T was grouped with members of the genus Flavisolibacter and the strain had 98.2-95.3 % 16S
Flavisolibacter ginsenosidimutans KCTC 22818
T and Flavisolibacter ginsengisoli KCTC 12657 T was less than 30 %. The low levels of DNA-DNA relatedness identified strain TX0661 T as a novel species in the genus Flavisolibacter. The strain grew at 28-37 C (optimum, 37 C), at pH 6.0-7.0 (optimum, pH 6.5) and in the presence of 0-0.5 % (w/v, optimum, 0.5 %) NaCl. It contained summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), iso-C 15 : 0 and iso-C 17 : 0 3-OH as major fatty acids and MK-7 as the predominant menaquinone. The polar lipid profile revealed that the presence of phosphatidylethanolamine, aminoglycophospholipid, two unidentified aminolipids and two unidentified lipids. The DNA G+C content of the strain was 49.1 mol%. Based on phenotypic, genotypic and chemotaxonomic data, strain TX0661
T represents a novel species in the genus Flavisolibacter, for which the name Flavisolibacter metallilatus sp. nov. (=KACC 19145 T =KCTC 52779 T =NBRC 111784 T ) is proposed.
The genus Flavisolibacter is a member of the family Chitinophagaceae of the phylum Bacteroidetes and was first proposed by Yoon and Im [1] . The description of the genus was emended by Baik et al. [2] and Lee et al. [3] . In this genus, cells are Gram-stain-negative, aerobic, non-motile, non-spore-forming, and yellow-pigmented rods [1] . The major fatty acid of the genus are iso-C 15 : 0 and iso-C 17 : 0 3-OH, and the major respiratory quinone is MK-7 [1] . The DNA G+C content of the genus ranges from 38 to 46 mol% [3] . At the time of writing, the genus Flavisolibacter comprises five species with validly published names (www. bacterio.net/flavisolibacter.html). The species have been isolated from soil [1] [2] [3] and fresh water [4] .
During the course of a study to screen bacteria causing odour in an automotive air conditioning system, a yellowpigmented bacterial strain, TX0661 T , was isolated. The automotive air condition system comprises a compressor, condenser, drier, evaporator and a thermal expansion valve. Strain TX0661
T was isolated from a biofilm growing on the surface of the evaporator. Aluminium heat exchanger fins were harvested from the evaporator and blended with phosphate buffered saline (pH 7.4). The blended phosphate buffered saline solution was plated on R2A agar using the standard dilution plating technique. After plating, plates were incubated at 28 C for 7 days. More than 500 strains were isolated from the automotive air conditioning system and a pale yellow-pigmented bacterial strain, designated TX0661
T , was isolated. The isolate was routinely cultured on R2A agar and preserved at À80 C as a suspension in R2A broth containing 20 % (w/v) glycerol.
The partial 16S rRNA gene of strain TX0661
T was amplified by colony PCR using primers 27F/1492R [5] . Sequencing was performed using the sequencing primers 519R, 926F [6] and 1055R [7] . The 16S rRNA gene sequences were compiled by using SeqMan software (DNASTAR) and compared with sequences of bacterial type strains from the database of EzBioCloud server [8] . Multiple sequence alignments were performed using SINA (version 1.2.11) according to the SILVA seed alignment [9] . Phylogenetic trees were reconstructed by using the maximum-likelihood [10] , maximum-parsimony [11] and neighbour-joining methods [12] in the MEGA7 software program [13] . Kimura's two-parameter method [14] was employed to calculate the evolutionary distances for the neighbour-joining and maximum-likelihood trees. The nearestneighbour interchange was used as the maximum-likelihood heuristic method. The maximum-parsimony tree was inferred using the subtree-pruning-regrafting method [15] . The option of complete deletion of gaps was applied for the maximum- Terrimonas aquatica RIB1-6 T (FJ347757)
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Niastella yeongjuensis GR20- T and members of genus Flavisolibacter. Bootstrap values (expressed as percentages of 1000 replications) greater than 50 % are shown at branch points. The single dots indicate that the corresponding branches were recovered in the trees generated by the maximum-parsimony or neighbour-joining algorithms. The double dots indicate that the corresponding branches were recovered in the trees generated by both the maximum-parsimony and neighbour-joining algorithms. Bar, 0.01 nucleotide substitutions per position.
likelihood and maximum-parsimony trees. The topologies of each tree were evaluated using bootstrap resampling methods based on 1000 replications [16] . There were a total of 1333 positions in the final dataset. The 16S rRNA gene sequence of strain TX0661
T comprised 1431 nt and had 98. T . All data were obtained from this study. All strains are Gram-stain-negative, non-motile and rod-shaped. All strains are positive for growth on R2A and negative for growth on LB, TSA and MacConkey agar. All strains are negative for hydrolysis of starch, cellulose and chitin. All strains are positive for aesculin hydrolysis and activities of catalase, alkaline phosphatase, leucine arylamidase, valine arylamidase, cystine arylamidase, a-chymotrypsin, acid phosphatase, naphtol-AS-BI-phosphohydrolase, a-glucosidase, b-glucosidase and N-acetyl-b-glucosaminidase. All strains are negative for nitrate reduction, indole production, glucose fermentation, activities of lipase (C14) and b-glucuronidase and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-D-glucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid and phenylacetic acid. +, Positive; W, weakly positive; À, negative. 
Enzyme activities:
T and Micrococcus luteus KACC 10488 T . The genomic G+C content of strain TX0661 T was 49.1 mol%, which was a value slightly above the range for genus Flavisolibacter.
Gram staining was carried out using a Color Gram 2 kit (bioM erieux) according to the manufacturer's instructions. Cellular morphology was observed by using an inverted light microscope (AXIO; Zeiss) and a transmission electron microscope (JEM1010; JEOL) using cells grown on R2A agar at 28 C for 3 days. Growth on different media was determined on R2A agar, Luria-Bertani agar (LB), nutrient agar (NA), trypticase soy agar (TSA) and MacConkey agar at 28 C for 11 days (all from Difco). Growth under anaerobic conditions was tested by culturing the strain on R2A agar plates in an anaerobic jar at 28 C for 9 days. Growth at different temperature (4, 10, 15, 20, 25, 28, 37, 40 and 45 C) was assessed after 9 days of incubation in R2A broth. Growth at various pH was determined after 9 days of incubation at 28 C in R2A broth adjusted to pH 5.0-10.0 at intervals of 0.5 pH units by using citrate-NaH 2 PO 4 buffer (pH 5.0-6.0), NaH 2 PO 4 -Na 2 HPO 4 buffer (pH 6.5-8.0), Tris-HCl buffer (pH 8.5-9.0) and Na 2 CO 3 -NaHCO 3 buffer (pH 9.5-10.0) [20] . Tolerance to NaCl was tested in R2A broth supplemented with 0-3.0 % NaCl (w/v; at 0.5 % intervals) after 9 days of incubation. For pigment analysis, acetone extraction was performed according to Denner et al. [21] . Pigment absorption spectra were observed using a NanoDrop 2000c spectrophotometer (Thermo Scientific). The presence of flexirubin-type pigments was examined as described by Bernardet et al. [22] . Oxidase and catalase activities were assessed using Oxidase Reagent and ID Color Catalase Reagent, respectively (bioM erieux). Hydrolysis of casein, cellulose, chitin and starch was determined according to the methods of Smibert and Krieg [23] after 11 days of incubation. Other physiological and biochemical characteristics were examined with API 20NE and API ZYM tests according to the manufacturer's instructions (bioM erieux). Strain TX0661
T and reference strains grown on R2A agar at 28 C for 3 days were used for API tests. Cells of strain TX0661
T were Gram-stain-negative, aerobic, non-motile and rod-shaped (Fig. S1 , available in the online version of this article). Colonies were circular, convex, opaque and pale yellow on R2A agar. The strain grew on R2A agar and NA, but not on LB, TSA and MacConkey agar. The strain grew at 28-37 C, pH 6.0-7.0 and 0-0.5 % (w/v) NaCl. Optimal growth was occurred at 37 C, pH 6.5 and 0.5 % (w/v) NaCl. Strain TX0661
T produced yellow pigments with wavelength absorbance spectral peaks at 453 and 483 nm. Flexirubintype pigment was not produced. The strain was positive for catalase and oxidase. Casein was hydrolysed, but chitin, cellulose and starch were not. The strain TX0661
T could be distinguished from F. ginsenosidimutans KCTC 22818 T , F. ginsengisoli KCTC 12657 T and F. rigui KCTC 23328 T on the basis of the presence of oxidase, esterase (C4), a-galactosidase and b-galactosidase (in the API 20NE test) activities, absence of a-fucosidase and b-galactosidase (in the API ZYM test), trypsin and urease activities, positive growth on NA, growth temperature range, hydrolysis of casein and gelatin, and ability to assimilate of trisodium citrate. The detailed results of morphological, physiological and biochemical characteristics that differentiate strain TX0661 T from closely related species in the genus Flavisolibacter are listed in Table 1 .
The cellular fatty acid profiles of strain TX0661
T and the reference strains were determined using cells in the exponential phase of growth. Fatty acids were extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.2B) and identified using the TSBA6 database of the Microbial Identification System [24] . Cellular fatty acid profiles of strain TX0661 T and closely related species of the genus Flavisolibacter are shown in Table 2 . The major fatty acids of strain TX0661
T were summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), iso-C 15 : 0 and iso-C 17 : 0 3-OH. The fatty acid profiles of the strain TX0661
T and reference strains of the genus Flavisolibacter were similar in that predominant fatty acids were iso-C 15 : 0 and iso-C 17 : 0 3-OH. The fatty acid profiles were different in that TX0661
T contained higher proportions of summed feature 3, iso-C 11 : 0 and iso-C 13 : 0 3-OH, and lower proportions of anteiso-C 15 : 0 and iso-C 17 : 0 than those of the reference strains.
For analysis of isoprenoid quinones, cells of strain TX0661 T were grown in R2A medium for 3 days at 28 C. Freezedried cells (100 mg) were treated with chloroform/methanol (2 : 1, v/v) overnight. Preparative thin-layer chromatography (TLC) was performed using Kieselgel 60 F254 plates (20Â20 cm, 0.5 mm thick; Merck) with petroleum ether/ diethyl ether (9 : 1, v/v) as the solvent. The resulting band was marked and redissolved in acetone. Finally, the menaquinone profile was analysed using reversed-phase highperformance liquid chromatography (LC20AD system; Shimadzu) with an ODS-2 (C18) column (150Â4.6 mm; Phenomenex) and a UV detector at 270 nm. The predominant respiratory quinone of strain TX0661
T was MK-7, which is a common characteristic of members of the genus Flavisolibacter.
For analysis of polar lipids, cells of strain TX0661
T and F. ginsenosidimutans KCTC 22818 T were grown in R2A medium for 3 days at 28 C. Polar lipids were analysed by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 4, v/v/v) for the first dimension and chloroform/ methanol/acetic acid/water (80 : 15 : 12 : 4, v/v/v/v) for the second dimension. The lipids were identified as spots appearing after the application of the following appropriate reagents: ninhydrin was used for aminolipids; molybdenum blue reagent for phospholipids; a-naphthol for glycolipids; and molybdophosphoric acid for total lipids. The polar lipids of strain TX0661
T were phosphatidylethanolamine (PE), aminoglycophospholipid (AGPL), two unidentified aminolipids (AL1-2) and two unidentified lipids (L1-2) (Fig. 2) . PE and AGPL were the predominant polar lipids of the strain TX0661
T . The polar lipid patterns of strain TX0661 T and F. ginsenosidimutans KCTC 22818 T were similar in that main polar lipids were PE and AGPL. The polar lipid patterns were different in that F. ginsenosidimutans KCTC 22818
T contained unidentified phospholipids (PL1-2) as major polar lipids, which were not detected in strain TX0661
T .
Therefore, on the basis of the data presented here, we suggest that the strain TX0661 T represents a novel species of the genus Flavisolibacter, for which we propose the name Flavisolibacter metallilatus sp. nov.
DESCRIPTION OF FLAVISOLIBACTER METALLILATUS SP. NOV.
Flavisolibacter metallilatus (me.tal.li.la¢tus. L. neut. n. metallum metal; L. masc. part. adj. latus carried; N.L. masc. part. adj. metallilatus metal-borne). T (a) and Flavisolibacter ginsenosidimutans KCTC 22818 T (b) after two-dimensional TLC. PE, phosphatidylethanolamine; AGPL, aminoglycophospholipid; AL1-2, unidentified aminolipids; L1-2, unidentified lipids; PL1-2, unidentified phospholipids; AGL, unidentified aminoglycolipid.
